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Summary.-Tumour-necrosis factor (TNF) is growth-inhibitory or cytotoxic to
certain tumour cell lines, and is present in the serum of rabbits injected i.v. with
BCG and endotoxin 2 weeks apart (TNF serum). TNF serum also has interferon
activity, and as TNF and interferons have a number of properties in common their
relationship has been investigated further. TNF was assayed by cytotoxicity in vitro
against L cells and interferon by a CPE-inhibition assay with Semliki Forest virus.
TNF appears not to be an interferon, on the following bases:
1. TNF activity could be separated from the Type I interferon of TNF serum by
passage through a Cibacron blue-agarose column or by sequential salt precipitation,
ion-exchange chromatography and gel filtration.
2. Preparations of Type I interferon induced by poly I, poly C or virus lacked TNF
activity.
3. Though it was not possible to compare TNF with rabbit Type II interferon (as
methods used to induce Type II interferon in other species were unsuccessful in the
rabbit) rabbit TNF has a number of properties which distinguish it from the Type II
interferons of other species.
4. Rabbit TNF inhibited the growth of a human melanoma cell line, and also had
effects on certain mouse and rabbit cell lines, whereas the anti-cellular effects of
interferons are reported to be species-specific.
TUMOUR-NECROSIS FACTOR (TNF) is a
substance which causes necrosis of some
transplantable tumours (Carswell et al.,
1975) andis cytotoxic orgrowth-inhibitory
in vitro to a number of cell lines (Carswell
et al., 1975; Matthews & Watkins, 1978).
TNF is released into the blood after endo-
toxin injection in animals which have been
pretreated with agents such as Bacillus
Calmette-Guerin (BCG) or Corynebac-
terium parvum, which induce macrophage
hyperplasia. There is both indirect (Old,
1976) and direct evidence (Matthews,
1978) that TNF is a product of mono-
nuclear phagocytes.
In addition to their anti-viral effects,
interferons can be growth-inhibitory or
cytotoxic in vitro to certain tumour cell
lines (Gresser, 1977; Kuwata et al., 1976).
Rabbit TNF and interferon have certain
other properties in common, viz. (a)
similar physicochemical characteristics,
(b) production in vivo after challenge with
endotoxin, and (c) release from mono-
nuclear phagocytes in vitro after short
incubation periods at 37°C but not at 4°C
nor on cell disruption (Smith & Wagner,
1967; Matthews, 1978).
In this paper, the relationship between
rabbit TNF and interferons is examined
further.
MATERIALS AND METHODS
TNF production.-TNF was obtained from
rabbits given 2 i.v. injections 2 weeks apart of
BCG (50-250 x 106 organisms) and endotoxin
(100 ,ug). The animals were bled immediately
before the endotoxin injection (control
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serum) and then 2 h later (TNF serum) unless
stated otherwise. BCG was Glaxo percu-
taneous and endotoxin was lipopolysaccharide
B or W from E. coli 055-B5 (Difco).
Cell lines. The NK 1-4 line of human
melanoma cells was derived by Dr R. H.
Whitehead (Dept. ofSurgery, Welsh National
School of Medicine). The other cell lines have
been described previously (Matthews &
Watkins, 1978).
TNF assay. In Sterilin M29ARTL micro-
plates, 75 ,ul of target-cell suspensions
(105/ml) was mixed with 75 pul of TNF or
control serum dilutions, 8 replicates for each
dilution. The culture medium was Eagle's
minimum essential medium with 2000 foetal
calf serum. After incubation (usually for 4
days) at 37°C in 95%o air, 500 C02, the target
cells were washed x 2 with phosphate-buf-
fered saline (PBS) pH 7-2, fixed with methanol
and stained with Giemsa. An assessment of
the number of cells in each well wNias made by
locating the centre of the well at low mag-
nification, changing to the high-power objec-
tive and counting all the cells in a constant
area of the field at x 800 magnification. The
%0 growth inhibition was calculated from the
formula 100(a-b)/a where a and b are the
mean number of cells in wells with, respec-
tively, control and TNF serum. In some
experiments cytotoxicity was measured
photometrically, as described for the inter-
feron assay. The txvo methods correlated
closely except above90%0 cytotoxicity, where
the photometric assay was non-linear.
The titre ofTNF in a given serum is defined
as the reciprocal of the dilution which causes
a 50 / reduction in L cell numbers after 4
days of culture.
Interferon production. Rabbits were injec-
ted i.v. with 0-1 mg poly I, poly C and bled
after 2 h.
Interferon assay. A quantitative cyto-
pathic effect (CPE) inhibition method was
used. RK 13 cells (75 1ul) at 5 x 105/ml were
seeded into the wells of Sterilin microplates
and, after attachment to the plastic, 75 jul
interferon dilutions were added, 6-8 replicates
for each dilution. After overnight incubation
at 37°C in 95% air, 500 C02, the culture
medium was decanted and the cells were
washed x 2 with PBS. A 1/3000dilution(150
pi) of a stock preparation of Semliki Forest
virus (SFV) was then added to each well
before incubation for a further 3 days. The
SFV was kindly provided by Dr N. B. Finter
(Wellcome Research Laboratories, Becken-
ham, Kent) and, at the dilution used, over
9000 of the cells were killed over the assay
period in the absence of interferon. After
fixation with 5Qo formaldehyde, the remaining
cells were stained with 5000 Giemsa and
washed well in running water. An estimate of
the cell density in each well was obtained
photometrically with a Leitz inverted micro-
scope fitted with an Orthomat automatic
camera. Each well was photographed in turn
using the trial-exposure setting and the
exposure time was measured with a stop-
watch. The settings were: film speed, 3 DIN
and tungsten-lamp voltage, 4V. At the mag-
nification used (x 2-5 objective) 600% of the
area of the well was within the photographic
field. Mean exposure times were calculated
for each interferon dilution and the 00 pro-
tection against viral CPE was calculated
from the equation 100(b-c)/(a-c) where
a, b, and c are the mean exposure times of
wells with, respectively, virus-free medium,
interferon+virus, medium +virus. Under the
conditions used, the exposure time for wells
with virus was about 6s, compared to 11 s
without virus, and the standard devia-
tions were within the range 5-10% for cells
without virus and 10-25% for cells with virus.
The interferon titre was calculated as the
reciprocal of the dilution which inhibited the
virus CPE by 5000. One interferon unit cor-
responds to 0-2 units of standard rabbit
interferon (GO19-902-528).
A subline of RK13 cells relatively resistant
to the cytotoxic effect of TNF wNas selected
for the interferon assay.
Affinity chromatography ont Cibacron blue-
agarose. Agarose (Pharmacia Sepharose 6B)
was conjugated with Cibacron blue as des-
cribed by Angal & Dean (1977). Serum
samples (50 1ul) were applied to a 5ml column
equilibrated with PBS and run at a 20 ml/h.
Unlike human or mouse albumin, rabbit
albumindoes not bind to Cibacron blue and
therefore does not inhibit interferon binding.
Phytohaemagglutinin (PHA) stimulation.-
Rabbit blood mononuclear leucocytes ob-
tained by Hypaque-Ficoll sedimentation
(Matthews, 1978) were suspended at 5 x 106/
ml in MEM with 20% autologous serum with
or without PHA (Wellcome reagents) at a
final concentration of 1/160. After 8 h at
37°C the supernatants were removed and
stored at -20°C, and the cells were replen-
ished with fresh medium with or without
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PHA as appropriate. After a further 64h
incubation the supernatants were removed
and stored at -20°C until required.
RESULTS
Sera from rabbits injected sequentially
with BCG and endotoxin (TNF serum) had
TNF titres as measured by cytotoxicity
against L cells of 5000-25,000 and inter-
feron titres in the range 3000-5000. How-
ever, serum from a rabbit injected with
the interferon inducer poly I, poly C had
no cytotoxic or growth-inhibitory effects
on any of the TNF-sensitive cell lines
tested, despite having an interferon titre
of 1160. Similarly, the standard prepara-
tion of rabbit interferon induced by Blue
Tongue virus had no growth-inhibitory
effects on 2 TNF-sensitive rabbit lines
(RK 13 and SIRC) or on mouse L cells.
From analogy with mouse interferons the
above preparations would be expected to
be predominately of Type I (Youngner,
1977).
As expected of a Type I interferon, the
interferon activity of TNF serum proved
relatively resistant to acid, retaining 50%
of its activity after exposure to pH 2 for
24 h. The TNF activity was more severely
affected, being reduced to 10% of the
control value.
Mouse interferons can bind to Cibacron
blue (de Maeyer-Guignard et al., 1977) and
we have found that this is also true of
rabbit interferon. Passage of rabbit TNF
serum through a column ofCibacron blue-
agarose reduced the interferon titre about
16-fold, but not the TNF titre (Fig. 1).
Further evidence that the TNF and
interferon in TNF serum are separate
entities is that TNF purified sequentially
by ammonium sulphate precipitation, ion-
exchange chromatography and gel filtra-
tion (Matthews & Watkins, 1978) had an
interferon titre of < 160 but a TNF titre
of 5120.
Human and murine Type II interferons
have been amply described in the litera-
ture, but there are few ifany references to
rabbit Type II interferon. Type II inter-
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FIG. 1.-(a) Interferon and (b) TNF assay
for (A) TNF serum and (A) TNF serum
passed through a Cibacron-blue-agarose
column.
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ferons are produced by lymphocytes
stimulated specifically with antigen or
non-specifically with mitogens, and they
are more acid-labile and have less anti-
viral activity than Type I interferons (see
Youngner, 1977). Mice primed with BCG
and injected 2-3 weeks later with endo-
toxin produce Type I interferon in maxi-
mal amounts 2 h after injection; if chal-
lenged instead with tuberculin antigen,
Type II interferon is produced maximally
6 h later (Youngner & Salvin, 1978).
In an attempt to compare TNF with
rabbit Type II interferon, a rabbit in-
jected 2- weeks previously with BCG
(50-250 x 106 organisms) was further in-
jected i.v. with PPD (50,000 u) and bled
immediately before and 2 h and 6 h after
the PPD injection. Only low amounts of
interferon were produced, with titres of 10
and 5 at 2 h and 6 h respectively. TNF-
like activity was present in the 2h sample
at a low titre (1/50) but not in the pre-
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TABLE I.-Comparison of TNF and inter-
feron production by rabbit mononuclear
leucocytes cultured with or without PHA
Medium only
Medium+PHA
TNF
titre
Time (h)
0-8 8-72
80 12
40 12
Interferon
titre
Time (h)
0-8 8-72
2 un*
9 un
* un=undetectable.
injection or 6h bleeds. Although this
experiment has not clarified the relation-
ship between Type II interferon and TNF,
it indicates that TNF is not produced by a
BCG-primed rabbit on challenge with
specific antigen (PPD).
Type II interferons can also be pro-
duced in vitro by human or mouse mono-
nuclear leucocytes stimulated by PHA,
maximal amounts being produced after
1-3 days in culture (Epstein, 1977).
Table I shows that rabbit mononuclear
leucocytes cultured with PHA produced
undetectable amounts of interferon over
the 8-72h period ofculture, and only small
amounts of TNF; the cultures were glyco-
lytically active and showed microscopic
evidence of lymphocyte transformation.
Over the first 8 h of culture more sig-
nificant amounts of TNF and interferon
were produced, irrespective of whether
PHA was present. TNF is a product ofthe
monocytes in the culture (Matthews, 1978)
and this cell type may well be the source
of the interferon (Smith & Wagner, 1967).
This experimental approach has also
failed to illuminate the relationship be-
tween Type II interferon and TNF.
As reported previously, rabbit TNF is
cytotoxic to certain mouse cell lines, as
well as to a rabbit cell line. Rabbit TNF is
also growth-inhibitory to a second rabbit
cell line (SIRC) and to a human melanoma
cell line (Fig. 2). No effect has been found
on 2 other melanoma cell lines or on a
further 6 human lines of other histological
types.
Release from unstimulated rabbit mono-
nuclear phagocytes of TNF (Matthews,
1978) and interferon (Smith & Wagner,
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Fia. 2. Effect of (A) purified TNF (diluted
1/20 with medium) or (A) medium alone
on the growth of human NK1-4 melanoma
cells.
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1967) occurs after similar incubation
periods in vitro. The following experiment
wasperformed to seewhethertheseentities
are released in parallel in vivo. A rabbit
injected with BCG 2 weeks previously was
bled immediately before (Oh) and 2 l and
2 h after endotoxin injection, and the sera
were tested for interferon and TNF
activity. Because of the shocked state of
the rabbit, the experiment was terminated
at 2 h. From Table II it can be seen that
TABLE II.-Serum concentrations of TNF
and interferon in a BCG-primed rabbit
at various times after endotoxin injection
Time (h)
0
1
2
Titre
TNF Interferon
<160 <160
2028 < 160
9433 2144
12500 3348
the concentration of both substances is
greatest 2 h after endotoxin challenge.
TNF but not interferon is detectable 2 h
after challenge, although this may simply
reflect the greater sensitivity of the TNF
assay.
After i.v. injection, interferon is rapidly
eliminated from the blood (Ho, 1973).
This is also true of TNF as after injection
of 1 ml TNF serum i.v. into a normal
.~~~~~~~~- - - -
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FIG. 3. TNF activity of serum from a normal
rabbit taken (*) just before, (A) 2 min
after or (A) 60 minafter i.v. injection of 1 ml
TNF serum.
rabbit, no TNF was detectable in the
serum 1 h later (Fig. 3).
DISCUSSION
Interferons are heterogeneous and have
been much better characterized in man
and the mouse than in the rabbit. Human
and murine interferons can be classified as
Type I, induced by viruses and various
synthetic inducers, and Type II, released
from lymphocytes activated by specific
antigens or mitogens. TNF is clearly
distinct from Type I, since preparations
expected to contain predominantly Type I
interferon (induced by poly I, poly C or
Blue Tongue virus) lacked TNF activity.
On the basis ofits acid stability, and from
analogy with the mouse (Youngner &
Salvin, 1978) the BCG/endotoxin-induced
interferon in TNF serum is probably Type
I. TNF was distinguishable from the
interferon component of TNF serum by its
greater lability to acid, and the fact that
the activities were largely separable by
passage through a Cibacron-blue column
or by sequential salt precipitation, ion-
exchange chromatography and gel filtra-
tion. The association between TNF and
Type II interferon is less clear. We have
been unable to find any reference to rabbit
Type II interferon in the literature, and
our attempts to induce it either in vivo or
in vitro have been unsuccessful. Arguing
solely from analogy with human and
murine Type II interferons, TNF differs
from Type II interferon. Thus, unlike
Type II interferon, TNF production is
provoked by injection of endotoxin but
not PPD into a BCG-primed animal. Also,
rabbit mononuclear leucocytes in tissue
culture produce TNF within the first 8 h
of culture with or without the addition of
PHA, whereas Type II interferon requires
the presence ofPHA, and is produced later
in culture. In tissue culture, TNF is pro-
duced by monocytes (Matthews, 1978) and
Type II interferon predominantly by
lymphocytes (Epstein, 1977).
As well as the resemblance in physico-
chemical characteristics and comparable
conditions of synthesis in vitro by mono-
nuclear phagocytes remarked upon pre-
viously, TNF and interferon have a
similar rate of release after endotoxin
injection into a BCG-primed rabbit, and
both substances are rapidly removed from
the circulation after i.v. injection.
Only some cell lines are affected by
TNF, and there is no correlation with the
production of C-type or other viruses,
tumorigenicity, growth rate or myco-
plasma contamination (Matthews & Wat-
kins, 1978, and unpublished observations).
Of 25 continuous cell lines tested so far
from a number of species, only 9 are
susceptible to TNF. Primary cultures of
human, mouse or hamster fibroblasts or
rabbit kidney cells are not susceptible.
TNF is clearly a separate entity from
Type I interferon and probably distinct
from Type II interferon, yet they have a
number of common properties. Further-
more, TNF and interferons can modulate
immune responses (Gresser, 1977; Hoff-
man et al., 1978) and inhibit granulocyte/
macrophage colony formation in vitro
(Shah et al., 1978) suggesting perhaps a
regulatory role in immunity and inflam-
mation.
I thank Mrs M. L. Neale for capable technical
assistance and Dr H. C. Ryley for provision of the
Cibacron-blue-agarose.
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